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IN THE CLAIMS 

Please amend the claims as follows: 



1 . (Currently Amended) A p-channel depletion mode floating gate transistor, comprising: 
a first source/drain region and a second source/drain region separated by a depletion 

mode p-type channel region in an n-type substrate; 

a floating gate opposing the p-type channel region and separated therefrom by a gate 

oxide; 

a control gate opposing the floating gate; and 

wherein the control gate is separated from the floating gate by an asymmetrical low 
tunnel barrier intergate insulato r selected to provide a desired first barrier height with respect to 
the floating gate and a desired second barrier height with respect to the control gate, the first 
barrier height being different than the second barrier height to promote easier erase operations 
and longer retention . 

2. (Currently Amended) The p-channel depletion mode floating gate transistor of claim 1 , 
wherein the asymmetrical low tunnel barrier intergate insulator includes aluminum oxide 
(AI2O3), wherein the aluminum oxide has a number of small compositional ranges such that 
compositional gradients are formed to which produce different barrier heights at an interface 
with the floating gate and control gate. 

3. (Original) The p-channel depletion mode floating gate transistor of claim 1, wherein the 
asymmetrical low tunnel barrier intergate insulator includes an asymmetrical transition metal 
oxide. 

4. (Original) The p-channel depletion mode floating gate transistor of claim 3, wherein the 
asymmetrical transition metal oxide is selected from the group consisting of Ta205, Ti02, Zr02, 
and Nb205. 
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5. (Original) The p-channel depletion mode floating gate transistor of claim 1 , wherein the 
asymmetrical low tunnel barrier intergate insulator includes an asymmetrical Perovskite oxide 
tunnel barrier. 

6. (Original) The p-channel depletion mode floating gate transistor of claim 5, wherein the 
asymmetrical Perovskite oxide tunnel barrier is selected from the group consisting of 
SrBi 2 Ta 2 0 3 , SrTi0 3 , PbTi0 3 , and PbZr0 3 . 

7. (Original) The p-channel depletion mode floating gate transistor of claim 1, wherein the 
floating gate includes a polysilicon floating gate having a metal layer formed thereon in contact 
with the asymmetrical low tunnel barrier intergate insulator. 

8. (Currently Amended) The p-channel depletion mode floating gate transistor of claim 7, 
wherein the control gate includes a polysilicon control gate having a metal layer formed thereon 
in contact with the asymmetric low tunnel barrier intergate insulator, wherein the metal layer 
includes a metal layer that has a different work function than the metal layer formed on the 
floating gate. 

9. (Currently Amended) A vertical, p-channel depletion mode non volatile memory cell, 
comprising: 

a first source/drain region formed on a substrate; 

a body region including a p-type depletion mode channel region formed on the first 
source/drain region; 

a second source/drain region formed on the body region; 

a floating gate opposing the channel region and separated therefrom by a gate oxide; 
a control gate opposing the floating gate; and 

wherein the control gate is separated from the floating gate by an asymmetrical low 
tunnel barrier intergate insulator having a number of small compositional ranges such that 
compositional gradients can be are formed which to produce a first barrier height with the 
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floating gate and a different second barrier h e ights height at an interfac e with the floating gat e 
and control gate to promote easier erase operations and longer retention . 

10. (Original) The vertical, p-channel depletion mode non volatile memory cell of claim 9, 
wherein the asymmetrical low tunnel barrier intergate insulator includes an insulator selected 
from the group consisting of A1 2 0 3 , Ta 2 0 5 , Ti0 2 , Zr0 2 , Nb 2 0 5 , SrBi 2 Ta 2 0 3 , SrTi0 3 , PbTi0 3 , and 
PbZr0 3 . 

1 1 . (Original) The vertical, p-channel depletion mode non volatile memory cell of claim 9, 
wherein the floating gate includes a polysilicon floating gate having a metal layer formed thereon 
in contact with the asymmetrical low tunnel barrier intergate insulator. 

12. (Currently Amended) The vertical, p-channel depletion mode non volatile memory cell of 
claim 11, wherein the control gate includes a polysilicon control gate having a metal layer 
formed thereon in contact with the asymmetrical low tunnel barrier intergate insulator, wherein 
the metal layer includes a metal layer that has a different work function than the metal layer 
formed on the floating gate. 

13. (Original) The vertical, p-channel depletion mode non volatile memory cell of claim 9, 
wherein the floating gate includes a vertical floating gate formed alongside of the body region. 

14. (Original) The vertical, p-channel depletion mode non volatile memory cell of claim 13, 
wherein the control gate includes a vertical control gate formed alongside of the vertical floating 
gate. 

15. (Original) The vertical, p-channel depletion mode non volatile memory cell of claim 9, 
wherein the floating gate includes a horizontally oriented floating gate formed alongside of the 
body region. 



• 
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16. (Original) The vertical, p-ehannel depletion mode non volatile memory cell of claim 15, 
wherein the control gate includes a horizontally oriented control gate formed above the 
horizontally oriented floating gate. 

17. (Currently Amended) A non- volatile memory cell, comprising: 

a first source/drain region and a second source/drain region separated by a p-type channel 
region in an n-type substrate; 

a polysilicon floating gate opposing the channel region and separated therefrom by a gate 

oxide; 

a first metal layer formed on the polysilicon floating gate; 

a metal oxide intergate insulator formed on the metal layer, wherein the metal oxide 
intergate insulator includes an asymmetrical metal oxide having a number of small compositional 
ranges such that gradients can be formed in an applied electric field which produce a first barrier 
height with respect to the floating gate and a different second barrier height h e ights at an 
interfac e with the floating gat e and control gate to promote easier erase operations and longer 
retention ; 

a second metal layer formed on the metal oxide intergate insulator, wherein the second 
metal layer has a different work function from the first metal laye r to further promote easier 
erase operations and longer retention ; and 

a polysilicon control gate formed on the second metal layer. 

18. (Original) The non- volatile memory cell of claim 17, wherein first metal layer includes a 
parent metal for the asymmetrical metal oxide and the second metal layer includes a metal layer 
having a work function in the range of 2.7 eV to 5.8 eV. 



19. (Original) The non- volatile memory cell of claim 17, wherein the second metal layer is 
platinum (Pt) and the metal oxide intergate insulator is selected from the group consisting of 
Ti0 2 , SrTi0 3 , PbTi0 3 , and PbZr0 3 . 
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20. (Original) The non-volatile memory cell of claim 17, wherein the second metal layer is 
aluminum and the metal oxide intergate insulator is selected from the group consisting of Ta 2 0 5 , 
Zr0 2 , SrBi 2 Ta 2 0 3 , SrTi0 3 , PbTi0 3 , and PbZr0 3 . 



21. (Original) The non- volatile memory cell of claim 17, wherein the metal oxide intergate 
insulator is selected from the group consisting of A1 2 0 3 , Ta 2 Os> Ti0 2 , Zr0 2 , Nb 2 05, SrBi 2 Ta 2 0 3 , 
SrTi0 3 , PbTi0 3 , and PbZr0 3 . 



22. (Original) The non- volatile memory cell of claim 17, wherein the floating gate transistor 
includes a vertical floating gate transistor. 

23. (Withdrawn) A flash memory array, comprising: / 

a number of p-channel depletion mode, non- volatile memory cells, wherein each non- 
volatile memory cell includes: / 

a first source/drain region and a secojui source/drain region separated by a 

depletion mode p-channeliegion; 
a floating gate opposing the p-cnannel region and separated therefrom by a gate 

oxide; *7 J 

a control gate opposing the/noatifag gate; and 

wherein the control gate/s s^ep^rated from the floating gate by an asymmetrical 
low tunnel barpier intergate insulator having a number of small 
composition^ ranges such that gradients can be formed which produce 
different harrier heights at an interface with the floating gate and control 
gate; / 

a number of sourcelirfes coupled to the first source/drain regions along a first selected 
direction in the flash memory array; 

a number of confrol gate lines coupled to the control gates along a second 
selected direction in tne flash memory array; and 

a number of bitlines coupled to the second source/drain regions along a third selected 
direction in the flash memory array. 
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24. (Withdrawn) The flash memory array of claim 23, wherein the asymmetrical low tunnel 
barrier intergate insulator includes a metal oxide insulator selected from the grjzmp consisting of 
A1 2 0 3 , Ta 2 0 5 , Ti0 2 , Zr0 2 , Nb 2 0 5 , SrBi 2 Ta 2 0 3 , SrTi0 3 , PbTi0 3 , and PbZrCty 

25. (Withdrawn) The flash memory array of claim 23, wherein the floating gate includes a 
polysilicon floating gate having a metal layer formed thereon in contain with the asymmetrical 
low tunnel barrier intergate insulator. 

26. (Withdrawn) The flash memory array of claim 25, wherein the control gate includes a 
polysilicon control gate having a metal layer formed thereon in contact with the asymmetrical 
low tunnel barrier intergate insulator, wherein the metal layer formed on the polysilicon control 
gate includes a metal layer that has a different work function than the metal layer formed on the 
floating gate. 

27. (Withdrawn) The flash memory array ofK2laim s 26, wherein metal layer formed on the 
floating gate includes a parent metal for the as^mmpmcal low tunnel barrier intergate insulator 
and the metal layer formed on the control g^fte includes a metal layer having a work function in 
the range of 2.7 eV to 5.8 eV. 

28. (Withdrawn) The flash memory array of claim 23, wherein the second selected direction 
and the third selected direction are^parallel to one another and orthogonal to the first selected 
direction, and wherein the number of control gate lines serve as address lines. 



29. (Withdrawn) The flash memory array of claim 23, wherein the first selected direction and 
the third selected direction are parallel to one another and orthogonal to the second selected 
direction, and wherein the number of control gate lines serve as address lines. 
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n and 



30. (Withdrawn) The flash memory array of claim 23, wherein the first selected 
the second selected direction are parallel to one another and orthogonal to the third sel^ 
direction, and wherein the number of bitlines serve as address lines. 



3 1 . (Withdrawn) An array of flash memory cells, comprising: 

a number of pillars extending outwardly from a substrate, whereiiv&ach pillar includes a 
first source/drain region, a body region having a p-type channel, and ^second source/drain 
region; 

a number of floating gates opposing the body regions in^tfe number of pillars and 
separated therefrom by a gate oxide; 

a number of control gates opposing the floating gat 

a number of buried sourcelines disposed below the number of pillars and coupled to the 
first source/drain regions along a first selected dtfecfifon in the array of memory cells; 

a number of control gate lines formed integrally with the number of control gates along a 
second selected direction in the array of flash iramorjhsells, wherein the number of control gates 
are separated from the floating gates by a loy timnepranier intergate insulator having a number 
of small compositional ranges such that gramentScan be formed by an applied electric field 
which produce different barrier heights an interface with the floating gate and control gate; 
and 

a number of bitlines couplec|4o the second source/drain regions along a third selected 
direction in the array of flash cells 




32, (Withdrawn) The array of flash memory cells of claim 3 1 , wherein the low tunnel barrier 
intergate insulator includes a metal oxide insulator selected from the group consisting of AI2O3, 
Ta 2 0 5 , Ti0 2 , Zr0 2 , NbA, SrBi 2 Ta 2 0 3 , SrTi0 3 , PbTi0 3 , and PbZr0 3 . 



33. (Withdraw^) The array of flash memory cells of claim 3 1 , wherein each floating gate 
includes a polysiiicon floating gate having a metal layer formed thereon in contact with the 
asymmetrical low tunnel barrier intergate insulator. 
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34. (Withdrawn) The array of flash memory cells of claim 33, wherein each control g^te 
includes a polysilicon control gate having a metal layer formed thereon in contact wit)/the low 
tunnel barrier intergate insulator, wherein the metal layer formed on the polysiliconxontrol gate 
includes a metal layer that has a different work function than the metal layer fojmed on the 
floating gate. 

35. (Withdrawn) The array of flash memory cells of claim 34, whefein metal layer formed on 
the floating gate includes a parent metal for the asymmetrical lowiunnel barrier intergate 
insulator and the metal layer formed on the control gate inchuips a metal layer having a work 
function in the range of 2.7 eV to 5.8 eV. 

36. (Withdrawn) The array of flash memory cells /f claim 31, wherein each floating gate is a 
vertical floating gate formed in a trench belowa top surface of each pillar such that each trench 
houses a pair of floating gates opposing the 999? regions in adjacent pillars on opposing sides of 
the trench. 

37. (Withdrawn) The array of flaslymemory cells of claim 3 1 , wherein the number of control 
gate lines are formed in the trench below the top surface of the pillar and between the pair of 
floating gates, wherein each pair of floating gates shares a single control gate line, and wherein 
each floating gate includes a vertically oriented floating gate having a vertical length of less than 
100 nanometers. 

38. (Withdrawn) The' array of flash memory cells of claim 3 1 , wherein the number of control 
gate lines are formed in the trench below the top surface of the pillar and between the pair of 
floating gates such mat each trench houses a pair of control gate lines each addressing the 
floating gates one on opposing sides of the trench respectively, and wherein the pair of control 
gate lines are separated by an insulator layer. 
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39. (Withdrawn) The array of flash memory cells of claim 3 1 , wherein the number of control 
gate lines are disposed vertically above the floating gates, and wherein each pair of floating gates 
shares a single control gate line. 

40. (Withdrawn) The array of flash memory cells of claim 3 1 , wherein the nrimber of control 
gate lines are disposed vertically above the floating gates, and wherein eaclyone of the pair of 
floating gates is addressed by an independent one of the plurality of control gate lines. 



41 . (Withdrawn) The array of flash memory cells of claim 3 1 , ^herein each floating gate is a 
horizontally oriented floating gate formed in a trench below a top surface of each pillar such that 



each trench houses a floating gate opposing th 



less than 100 nanometers opposing the body/ 



5dy regionsan adjacent pillars on opposing 



sides of the trench, and wherein each horizontally on enteor floating gate has a vertical length of 



of me pillars. 



42. (Withdrawn) The array of flash memory c£lls of claim 41, wherein the plurality of 
control gate lines are disposed vertically abov^ the floating gates. 



43. (Withdrawn) A programmable logic array, comprising: 
a plurality of input lines for receiving an input signal; 
a plurality of output lines; atfd 

one or more arrays having a first logic plane and a second logic plane connected between 
the input lines and the output lines, wherein the first logic plane and the second logic plane 
comprise a plurality of logic/ cells arranged in rows and columns for providing a sum-of-products 
term on the output lines responsive to a received input signal, wherein each logic cell includes a 
vertical p-type non-volatile memory cell including: 

a firsp source/drain region formed on an n-type substrate; 
a body region including a p-type channel region formed on the first source/drain 
region; 

a second source/drain region formed on the body region; 
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a floating gate opposing the p-type channel region and separated therefrom by a 
gate oxide; / 
a control gate opposing the floating gate; and / 
wherein the control gate is separated from the floating gate by a low tunnel barrier 
intergate insulator having a number of small compositional rariges such 
that gradients can be formed by an applied electric field which produce 
different barrier heights at an interface with the floating gate and control 
gate. / 

44. (Withdrawn) An electronic system, comprising: / 
a processor; and / 

a memory device coupled to the processes wherein the memory device and/or processor 
includes an array of p-channel depletion mode Hash memory cells, comprising: 

a number of pillars extending outwafcdly from/a substrate, wherein each pillar 
includes a first source/drai^egion^ body region having a p-type 
depletion mode channel region, and a second source/drain region; 
a number of floating gates opposing the body regions in the number of pillars and 

separated therefrom by a gate oxide; 
a number of control gates opposing the floating gates; 

a number of buried sourcelines disposed below the number of pillars and coupled 
to the first source/drain regions along a first selected direction in the array 
of memory cells;/ 

a number of control gate lines formed integrally with the number of control gates 
along a second selected direction in the array of flash memory cells, 
wherein the number of control gates are separated from the floating gates 
by a loytunnel barrier intergate insulator having a number of small 
compositional ranges such that gradients can be formed by an applied 
electric field which produce different barrier heights at an interface with 
the floating gate and control gate; and 
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a number of bitlines coupled to the second source/drain regions along a third 
selected direction in the array of flash cells. 



45. (Withdrawn) The electronic system of claim 44, wherein the asymmetrical low/runnel 
barrier intergate insulator includes a metal oxide insulator selected from the group insisting of 
A1 2 0 3 , Ta 2 0 5 , Ti0 2 , Zr0 2 , Nb 2 0 5 , SrBi 2 Ta 2 0 3 , SrTi0 3 , PbTi0 3 , and PbZr0 3 . 

46. (Withdrawn) The electronic system of claim 44, wherein each floating gate includes a 
polysilicon floating gate having a metal layer formed thereon in contacjrwith the low tunnel 
barrier intergate insulator. 

47. (Withdrawn) The electronic system of claim 44, wherei^ each control gate includes a 
polysilicon control gate having a metal layer formed thereof in contact with the low tunnel 
barrier intergate insulator, wherein the metal layer formed on the polysilicon control gate 
includes a metal layer that has a ^ferent work function than the metal layer formed on the 
floating gate. 

48. (Withdrawn) The electroVA^system of)6laim 47, wherein metal layer formed on the 
floating gate includes a parent metal for the4symmetrical low tunnel barrier intergate insulator 
and the metal layer formed on the control gate includes a metal layer having a work function in 
the range of 2.7 eV to 5.8 eV. 

49. (Withdrawn) The electron^ system of claim 44, wherein each floating gate is a vertical 
floating gate formed in a trencli below a top surface of each pillar such that each trench houses a 
pair of floating gates opposijafg the body regions in adjacent pillars on opposing sides of the 
trench. 

50. (Withdrawn) The electronic system of claim 44, wherein the plurality of control gate 
lines are formed in the trench below the top surface of the pillar and between the pair of floating 
gates, wherein each pair of floating gates shares a single control gate line, and wherein each 
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floating gate includes a vertically oriented floating gate having a vertical length of less than /§0 
nanometers. 



5 1 . (Withdrawn) The electronic system of claim 44, wherein the plurality of control gate 
lines are formed in the trench below the top surface of the pillar and between the pair of floating 
gates such that each trench houses a pair of control gate lines each addressing the floating gates 
one on opposing sides of the trench respectively, and wherein the pair of/xmtrol gate lines are 
separated by an insulator layer. 

52. (Withdrawn) The electronic system of claim 44, whereiiyfhe plurality of control gate 
lines are disposed vertically above the floating gates, and wh^in each pair of floating gates 
shares a single control gate line. 

53. (Withdrawn) The electronic syj^tafn of claim 44, wherein the plurality of control gate 
lines are disposed vertically above the floating gateg, and wherein each one of the pair of floating 
gates is addressed by an independent«ie of the plurality of control lines. 

54. (Withdrawn) The electronic system cff claim 44, wherein each floating gate is a 
horizontally oriented floating gate formedan a trench below a top surface of each pillar such that 
each trench houses a floating gate opposing the body regions in adjacent pillars on opposing 
sides of the trench, and wherein eacMiorizontally oriented floating gate has a vertical length of 
less than 100 nanometers opposing the body region of the pillars. 

55. (Withdrawn) The electronic system of claim 54, wherein the plurality of control gate 
lines are disposed vertically above the floating gates. 



56. (Withdrawn) ^method of forming a floating gate transistor, comprising: 

forming a first source/drain region and a second source/drain region separated by a p-type 
channel region in an n-type substrate; 
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forming a floating gate opposing the p-type channel region and separated therefroir^tfy a 
gate oxide; 

forming a control gate opposing the floating gate; and 

forming an asymmetrical low tunnel barrier intergate insulator to separate/the control gate 
from the floating gate, wherein forming the low tunnel barrier intergate insulator includes a 
forming low tunnel barrier intergate insulator having a number of small compositional ranges 
such that gradients can be formed by an applied electric field which produce different barrier 
heights at an interface with the floating gate and control gate. 



57. (Withdrawn) The method of claim 56, wherein forming tfce asymmetrical low tunnel 
barrier intergate insulator includes forming a metal oxide insulator selected from the group 
consisting of A1 2 0 3 , Ta 2 0 5 , Ti0 2 , Zr0 2 , Nb 2 0 5 , SrBi 2 Ta 2 (X SrTi0 3 , PbTiQ 3 , and PbZr0 3 . 



offckir 



58. (Withdrawn) The method of fctaim 56, wherein forming the floating gate includes 
forming a polysilicon floating gate graving a metaj^layer formed thereon in contact with the 
asymmetrical low tunnel barrier intergate insujmor. 

59. (Withdrawn) The method of claiirf 58, wherein forming the control gate includes a 
forming a polysilicon control gate having a metal layer formed thereon in contact with the low 
tunnel barrier intergate insulator, v/nerein the metal layer formed on the polysilicon control gate 
includes a metal layer that has ^different work function than the metal layer formed on the 
floating gate. 

60. (Withdrawn) Th6 method of claim 59, wherein forming the metal layer on the floating 
gate includes a parenr metal for the asymmetrical low tunnel barrier intergate insulator and the 
metal layer formed/on the control gate includes a metal layer having a work function in the range 
of2.7eV to 5.8 



61 . (Withdrawn) A method for forming an array of flash memory cells, comprising: 
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forming a number of pillars extending outwardly from a substrate, wherein each pillar 
includes a first source/drain region, a body region having a p-type channel region, and Second 
source/drain region; 

forming a number of floating gates opposing the body regions in the num^r of pillars 
and separated therefrom by a gate oxide; 

forming a number of control gates opposing the floating gates; 

forming a number of buried sourcelines disposed below the number of pillars and 
coupled to the first source/drain regions along a first selected directiojr in the array of memory 
cells; 

forming a number of control gate lines formed integrally y^ith the number of control gates 
along a second selected direction in the array of flash memory /ells, wherein the number of 
control gates lines are separated from the floating gates by an asymmetrical low tunnel barrier 
intergate insulator, wherein forming the asymmetrical loy tunnel barrier intergate insulator 



includes a forming low tunnel barrier 
ranges such that gradients can be form* 
barrier heights at an interface with the 




rgate insulator having a number of small compositional 

an applfed electric field which produce different 
fting g^fe and control gate; and 
forming a number of bitlines coupled^ the second source/drain regions along a third 
selected direction in the array of flash cell 



62. (Withdrawn) The method of claim 61, wherein forming the asymmetrical low tunnel 
barrier intergate insulator includes forming a metal oxide insulator selected from the group 
consisting of A1 2 0 3 , Ta 2 0 5 , Ji0 2 , Zr0 2 , Nb 2 0 5 , SrBi 2 Ta 2 0 3 , SrTi0 3 , PbTi0 3 , and PbZr0 3 . 

63. (Withdrawn) Thef method of claim 61, wherein forming each floating gate includes 
forming a polysilicon floating gate having a metal layer formed thereon in contact with the low 
tunnel barrier intergate insulator. 



64. (Withdrawn) The method of claim 63, wherein forming each control gate includes 
forming a polysilicon control gate having a metal layer formed thereon in contact with the low 
tunnel barrier intergate insulator, wherein the metal layer formed on the polysilicon control gate 
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includes a metal layer that has a different work function than the metal layer formed on the/ 
floating gate. 



65. (Withdrawn) The method of claim 64, wherein forming the metal layer on the floating 
gate includes a parent metal for the asymmetrical low tunnel barrier intergate insulator and the 
metal layer formed on the control gate includes a metal layer having a work junction in the range 
of2.7eVto5.8eV. 

66. (Withdrawn) The method of claim 61, wherein forming each'floating gate includes 
forming a vertical floating gate in a trench below a top surface ol each pillar such that each 
trench houses a pair of floating gates opposing the body regjmis in adjacent pillars on opposing 
sides of the trench. 

67. (Withdrawn) The method of cjairh 61, wherein forming the plurality of control gate lines 
includes forming each control gate line/fri the trench below the top surface of the pillar and 
between the pair of floating gates, Wherein each pair of floating gates shares a single control gate 
line, and wherein each floating gate includes a vertically oriented floating gate having a vertical 
length of less than 100 nanometers. 

68. (Withdrawn) The methocr Df claim 61, wherein forming the plurality of control gate lines 
includes forming a pair of control gate lines in each trench below the top surface of the pillar and 
between the pair of floating^ates such that each control gate line addresses a floating gate on 
opposing sides of the trench respectively, and wherein the pair of control gate lines are separated 
by an insulator layer. 

69. (Withdrawal) The method of claim 61, wherein forming the plurality of control gate lines 
includes formingrhe control gate lines such that the control gate lines are disposed vertically 
above the floating gates such that each pair of floating gates shares a single control gate line. 
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70. (Withdrawn) The method of claim 61 , wherein forming the plurality of contro^gate lines 
includes forming the control gate lines such that the control gate lines are disposed^vertically 
above the floating gates, and forming the plurality of control lines such that eaon one of the pair 
of floating gates is addressed by an independent one of the plurality of control lines. 

71 . (Withdrawn) The method of claim 61 , wherein forming each floating gate includes 
forming a horizontally oriented floating gate in a trench below a top^urface of each pillar such 
that each trench houses a floating gate opposing the body region? in adjacent pillars on opposite 
sides of the trench, and wherein each horizontally oriented floating gate has a vertical length of 
less than 100 nanometers opposing the body region of the pillars. 

72. (Withdrawn) The method of claim 71 , wherein the forming the plurality of control gate 
lines includes forming the control gate lines such that tpe control gate lines are disposed 
vertically above the floating gates. 

73. (Withdrawn) A method for operating a Retype non- volatile memory cell, comprising: 
writing to a floating gate of the p-typeoion- volatile memory cell using channel hot 

electron injection, wherein the p-type nonvolatile memory cell includes: 

a first source/drain region and a second source/drain region separated by a p-type 

channel region in an n-type substrate; 
a floating gate oj^osing the p-type channel region and separated therefrom by a 

gate o> 

a control gate opposing the floating gate; and 

wherein me control gate is separated from the floating gate by an asymmetrical 
low tunnel barrier intergate insulator having a number of small 
compositional ranges such that gradients can be formed by an applied 
electric field which produce different barrier heights at an interface with 
the floating gate and control gate; 
erasing charge from the floating gate by tunneling electrons off of the floating gate and 
onto the control gate through the asymmetrical low tunnel barrier insulator. 



# • 
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74. (Withdrawn) The method of claim 73, wherein erasing charge from the floating g^te by 
tunneling electrons off of the floating gate and onto the control gate further through tt 
asymmetrical low tunnel barrier insulator includes: 

providing a negative voltage to the substrate; and 
providing a large positive voltage to the control gate. 

75. (Withdrawn) The method of claim 73, wherein the method further includes writing to the 
floating gate by tunneling electrons from the control gate to the floating gate through the 
asymmetrical low tunnel barrier insulator. 

76. (Withdrawn) The method of claim 75, wherein writing to the floating gate by tunneling 
electrons from the control gate to tl}£}loating gate though the asymmetrical low tunnel barrier 
insulator further includes: 

applying a positive voltage fo the substr^e; and 
applying a large negative pottage to the control gate. 

77. (Withdrawn) The method of claim 73, wherein tunneling electrons from the floating gate 
to the control gate through the asymmetrical low tunnel barrier insulator includes tunneling 
electrons from the floating gat&io the control gate through an asymmetrical low tunnel barrier 
insulator selected from the group consisting of AI2O3, Ta 2 Os, TiC>2, ZrC>2, Nb20 5 , SrBi 2 Ta 2 0 3 , 
SrTi0 3 , PbTi0 3 , and PbZK) 3 . 



78. (Withdrawn) The method of claim 72, wherein tunneling electrons from the floating gate 
to the control j^txe through the asymmetrical low tunnel barrier insulator includes tunneling 
electrons through the asymmetrical low tunnel barrier insulator having a barrier energy of 
approximately 2.0 eV. 
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79. (Withdrawn) The method of claim 72, wherein tunneling electrons from the floating gate 
to the control gate through the asymmetrical low tunnel barrier insulator includes tunnpnng 
electrons from a metal layer formed on the floating gate in contact with the low tun^6l barrier 
intergate insulator to a metal layer formed on the control gate and also in contact /frith the low 
tunnel barrier intergate insulator. 



80. (Withdrawn) A method for operating an array of p-channel flash ip£mory cells, 
comprising: 

writing to one or more floating gates for a number of p-type n6n- volatile memory cells in 
the array of p-channel flash memory cells using channel hot electron injection, the array of flash 
memory cells includes: 

a number of pillars extendkra outwardly from *f substrate, wherein each pillar 

includes a first soor^e/drain region, ^body region having a p-type channel, 
and a second souree/orain regions 
a number of floating gatesopposing the body regions in the number of pillars and 

separated therefrom by a gate oxide; 
a number of control gates opposirfg the floating gates; 

a number of buried sourceline/ disposed below the number of pillars and coupled 
to the first source/dpain regions along a first selected direction in the array 
of memory cells;, 

a number of control gafe lines formed integrally with the number of control gates 
along a second selected direction in the array of flash memory cells, 
wherein the: number of control gates lines are separated from the floating 
gates by mi asymmetrical low tunnel barrier intergate insulator having a 
number of small compositional ranges such that gradients can be formed 
by arr applied electric field which produce different barrier heights at an 
interface with the floating gate and control gate; and 
a number of bitlines coupled to the second source/drain regions along a third 
selected direction in the array of flash cells; and 
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erasing charge from the one or more floating gates by tunneling electrons off of theptie 
or more floating gates and onto the number of control gates through the asymmetrical,!^ tunnel 
barrier insulator. 



81. (Withdrawn) The method of claim 80, wherein erasing charge frdm the one or more 
floating gates by tunneling electrons off of the floating gate and mrfo the number of control gate 
through the asymmetrical low tunnel barrier insulator furthep^ncludes: 

providing a negative voltage t|<5^substrate of oije'or more p-type non- volatile memory 
cells; and 

providing a large positive voyage to th^control gate for the one or more p-type non- 
volatile memory cells. 

82. (Withdrawn) The methocLeff claim 81, wherein the method further includes erasing an 
entire row of non- volatile mepfory cells by providing a negative voltage to all of the substrates 
along an entire row of p-type non- volatile memory cells and providing a large positive voltage to 
all of the control gates/along the entire row of non-volatile memory cells. 



83. (WithdraWn) The method of claim 81, wherein the method further includes erasing an 
entire block of non- volatile memory cells by providing a negative voltage to all of the substrates 
along multiple rows of non- volatile memory cells and providing a large positive voltage to all of 
the control gates along the multiple rows of non-volatile memory cells. 



A 



